Abstract. Epidermal growth factor receptor (EGFR), cyclin D1 and KRAS proto-oncogene, GTPase (KRAS) genes serve roles in the occurrence and development of tumors. The aim of the current study was to investigate the expression levels of EGFR, cyclin D1 and KRAS in laryngocarcinoma tissues and their association with clinical features. In addition, correlation between the expression levels of EGFR, cyclin D1 and KRAS was analyzed in laryngocarcinoma tissues. The expression levels of EGFR, cyclin D1 and KRAS in 46 patients with laryngocarcinoma and 20 patients with vocal cord polyps as the control group were determined using Super Vision immunohistochemical staining assay kits. The differences in clinical and pathological parameters between groups were statistically analyzed using SPSS software version 16.0. The expression rates of EGFR, cyclin D1 and KRAS were 71.7, 52.2 and 39.1%, respectively in laryngocarcinoma tissues, and 10.0, 5.0 and 10.0%, respectively in vocal cord polyps. There was a positive correlation between the expression levels of EGFR, cyclin D1 and KRAS. The expression of these genes was also closely associated with the clinical stage, treatment response and prognosis of patients with laryngocarcinoma. Multivariate analysis of prognosis using the Cox regression model indicated that EGFR expression in laryngocarcinoma tissues and the clinical stage of patients with laryngocarcinoma were closely associated with patient prognosis. The results of the current study indicated that EGFR, cyclin D1 and KRAS were synergistically involved in the occurrence and development of laryngocarcinoma, directly affecting the prognosis of patients. Additionally, high expression of EGFR, cyclin D1 and KRAS facilitated the invasion and metastasis of laryngocarcinoma cells. The expression of EGFR in laryngocarcinoma tissues and clinical stage were two independent risk factors affecting the prognosis of patients.
Introduction
Laryngocarcinoma is one of the most common malignant tumors in otolaryngology requiring head and neck surgery, accounting for ~1-5% of all types of cancer and 7.9-35% of otolaryngologic malignancies (1) . With increasing incidence, laryngocarcinoma ranks third in otolaryngologic malignancies and is a squamous cell carcinoma in 90% of cases (2) .
The mechanism underlying the occurrence of laryngocarcinoma remains to be elucidated. Progress in gene research indicated that certain genes serve important roles in the occurrence and development of laryngocarcinoma. Among these, epidermal growth factor receptor (EGFR) (3), cyclin D1 (4) and KRAS proto-oncogene, GTPase (KRAS) (5) attracted attention in the field of head and neck cancer research due to their strong association with tumorigenesis, invasion, lymph node metastasis, recurrence and prognosis. Furthermore, EGFR and cyclin D1 are recognized as regulators of cancer cell proliferation, migration and patient survival in laryngocarcinoma (6) (7) (8) . In addition, EGFR expression is markedly increased during the progression from laryngeal dysplasia to carcinoma (9) . In addition, the Ras signaling pathway is involved in the formation of tumor microenvironment and is closely associated with tumorigenesis and progression (7, 10) . However, correlation between EGFR, cyclin D1 and KRAS is rarely reported in laryngocarcinoma, and whether the three genes serve a synergistic role in the occurrence and development of laryngocarcinoma requires further investigation. To the best of our knowledge, the expression and synergy of EGFR, cyclin D1 and KRAS in patients with laryngocarcinoma have not been previously reported. Studies on the association between the expression of EGFR, cyclin D1 and KRAS in laryngocarcinoma and patient clinical features, and the correlation between the expression levels of these three genes, may elucidate the biological features of laryngocarcinoma.
In the current study, the expression levels of EGFR, cyclin D1 and KRAS were investigated to determine the association between their expression in laryngocarcinoma tissues and clinical features of the disease using immunohistochemical staining and statistical analysis. In addition, the and weakly positive expression was defined as low expression; positive and strongly positive expression was defined as high expression.
Expression and role of EGFR, cyclin D1 and KRAS in laryngocarcinoma tissues
Statistical analyses. The experimental data were analyzed using SPSS software (version 16.0; SPSS, Inc., Chicago, IL, USA). A χ 2 test was used to analyze the association between gene expression and sex, age, clinical stage of patients with laryngocarcinoma, and metastasis status following treatment. Spearman's correlation was used to analyze the association between gene expression levels. The mean survival time and survival rate of each group were calculated using the Kaplan-Meier method for univariate analysis of prognostic factors for overall survival. Log-rank test was used to compare the survival rate of each group, and multivariate analysis of prognostic factors was performed using the Cox proportional hazards model. P<0.05 was considered to indicate a statistically significant difference.
Results

EGFR, cyclin D1 and KRAS staining results and their association with clinical features. EGFR was mainly located
in the membrane and cytoplasm of laryngocarcinoma cells, as indicated by brown staining. Cyclin D1 was primarily located in the nucleus, as indicated by tan staining, and KRAS was mainly observed as tan or brown staining located in the cytoplasm and nucleus. The expression of EGFR, cyclin D1 and KRAS in vocal cord polyp tissues were very low (Fig. 1 ).
The expression rates of EGFR, cyclin D1 and KRAS in laryngocarcinoma tissues were 71.7, 52.2 and 39.1%, respectively, while those in vocal cord polyps were only 10.0, 5.0 and 10.0%, respectively. The differences in EGFR, cyclin D1 and KRAS expression levels between the laryngocarcinoma tissues and the vocal cord polyp tissues were statistically significant, (P<0.001, P<0.001 and P=0.021, respectively; Tables II-IV). The expression levels of EGFR, cyclin D1 and KRAS were significantly associated with the clinical stage and treatment response (P<0.05). There was no association between the expression of EGFR, cyclin D1 and KRAS and the age of patients, and no significance in the different expression levels between the laryngocarcinoma and vocal cord polyp groups (P>0.05). Tables V-VII 
Correlation between EGFR, cyclin D1 and KRAS expression in laryngocarcinoma tissues. As presented in
Discussion
The results of the current study indicated that the expression of EGFR, cyclin D1 and KRAS in laryngocarcinoma tissues was significantly increased compared with the vocal cord polyps, and the expression of EGFR, cyclin D1 and KRAS was closely associated with the clinical stage, treatment response and prognosis. The expression levels of EGFR, cyclin D1 and KRAS in laryngocarcinoma tissues were positively correlated, indicating that these proteins may be involved in the occurrence and development of laryngocarcinoma. Furthermore, it may be hypothesized that increased expression of EGFR, cyclin D1 and KRAS promote invasion and metastasis of laryngocarcinoma cells and act in synergy to promote the occurrence and development of laryngocarcinoma. In the current study, the clinical stage, recurrence or metastasis status after treatment, and the expression levels of EGFR, cyclin D1 and KRAS were the factors affecting the prognosis of patients. Treatment response and clinical stage were two independent risk factors affecting the prognosis of patients. EGFR is a ligand-mediated multifunctional transmembrane glycoprotein that activates tyrosine kinase and is present on the cell membrane of the majority of tissue types with the exception of the hematopoietic system in the human body (12) . EGFR binds EGF with high affinity and this interaction exhibits time and temperature dependence, saturation and reversibility (12) . Following activation of the EGFR tyrosine kinase, cascade amplification of signal transduction is achieved through the RAS-RAF-MEK-MAPK, PI3K-PKC-IKK, and JAK-STAT pathways, which deliver extracellular mitotic signals into the cell, thus regulating normal cell growth, differentiation and cell cycle and promoting damage repair (13) . EGFR is highly expressed in a number of solid tumors and is closely associated to tumor progression, apoptosis, angiogenesis and metastasis (14) . In vitro and in vivo experiments have demonstrated that EGFR is an important anticancer target in the development and progression of laryngocarcinoma (15) . Inhibition of EGFR can limit the growth of laryngeal squamous cell carcinoma and enhance the anticancer effect when combined with other drugs (16) (17) (18) . The results of the current study indicated that EGFR expression in laryngocarcinoma was significantly increased compared with the vocal cord polyp tissues. In addition, increased EGFR expression was identified in tissues with higher TNM stage. High expression rates of EGFR were identified in 57.9, 77.3 and 100% of stage I-II, stage III and stage IV tissues, respectively. Furthermore, the EGFR expression rates were significantly different between different TNM stages, indicating that the expression of this protein may be closely associated with the occurrence, development, malignant transformation and proliferation of laryngocatcinoma. In addition, the results the current study indicated that EGFR expression was increased among patients with recurrence or metastasis following treatment of laryngocarcinoma compared with patients without recurrence or metastasis (expression rate, 88.9 vs. 60.7%, respectively) suggesting that EGFR expression may promote laryngocarcinoma cell invasion and metastasis. Cyclin D1 interacts with cyclin-dependent kinase (CDK)4 or CDK6 to induce cell cycle progression from the G1 to S phase and promote cell division or transformation (19) . Aberrant expression of cyclin D1 may result in the imbalance of the cell cycle, resulting in tumorigenesis (20) . Previous studies have confirmed that cyclin D1 is closely associated with the evolution of malignant tumors (21, 22) . Overexpression of cyclin D1 is considered to be of clinical relevance in LSCC (23) . Downregulation of cyclin D1 can inhibit cell growth and induce apoptosis in LSCC (24) . In vivo studies using an LSCC xenograft model indicated that tumor growth can be inhibited by cyclin D1 downregulation (25, 26) . In the present study, the expression levels of cyclin D1 were significantly different in laryngocarcinoma tissues compared with the vocal cord polyp tissues. Furthermore, higher TNM stages were associated with increased cyclin D1 expression. The expression rates in tissues with different TNM stages were 26.3, 68.2 and 80.0%, respectively. Furthermore, the cyclin D1 expression rates were significantly different between different TNM stages, indicating that the expression of this protein may be closely associated with the malignant transformation of laryngeal tissues and tumor progression. The expression of cyclin D1 was increased among patients with recurrence or metastasis following treatment of laryngocarcinoma compared with patients without recurrence or metastasis (expression rate, 60.0 vs. 29.2%, respectively) suggesting that cyclin D1 expression may serve a role in laryngocarcinoma invasion and metastasis.
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KRAS is a proto-oncogene mediating oncogenic transformation via the MAPK signaling pathway dependent on the activation of Raf serine/threonine specific kinase (27, 28) . A number of previous studies demonstrated that the KRAS gene served a role in the occurrence and development of various tumors (29, 30) . The majority of studies have focused on the expression of KRAS in other tissues, including anal (31), oral (32), tonsil (33), skin (34) and head and neck squamous cell carcinoma (35) . Although KRAS mutation has been reported in LSCC tissues and cell lines (36, 37) , there is not sufficient evidence of the role of KRAS in LSCC. The current research indicated that KRAS expression in laryngocarcinoma tissue was significantly higher compared with the vocal cord tissue, and higher TNM stages were associated with increased KRAS expression. The high expression rates of tissues with different TNM stages were 15.8, 50.0 and 80.0%, respectively. Furthermore, the KRAS expression rates were significantly different between different TNM stages, indicating that the expression of this protein may be closely associated with to the occurrence and development of laryngocarcinoma. KRAS expression in tissues from patients with recurrence or metastasis after laryngocarcinoma treatment was significantly higher compared with patients without recurrence or metastasis (expression rate, 60.0 vs. 20.8%), suggesting that KRAS expression may serve an important role in laryngocarcinoma invasion and metastasis. The current study indicated that the expression levels of EGFR, cyclin D1 and KRAS are closely associated with the clinical stage of laryngocarcinoma and recurrence or metastasis status after treatment. In addition, previous studies indicated that EGFR, cyclin D1 and KRAS expression levels were associated with the occurrence and development of laryngocarcinoma, with high expression levels promoting invasion and metastasis of laryngocarcinoma cells (37) (38) (39) .
The results of the current study indicated that the expression levels of EGFR, cyclin D1 and KRAS in laryngocarcinoma tissues increased compared with vocal cord polyp tissues tissues and were closely associated with the clinical stage and tumor recurrence or metastasis after treatment. There was a positive correlation between the expression levels Table X . Multivariate analysis results for prognosis of patients with laryngocarcinoma using the Cox regression model. of any two of these factors in laryngocarcinoma, indicating that these genes may act in synergy to promote the occurrence and development of laryngocarcinoma. The following mechanism underlying such synergy may be hypothesized: Activation of EGFR by ligand binding may active the Ras/Raf pathway and induce the expression and activation of cyclin D1 through the MAPK pathway to promote cell cycle progression into S phase and initiate proliferation. Previous studies have indicated that there was no significant correlation among EGFR, cyclin D1 and KRAS expression in laryngocarcinoma (40, 41) . The reason may be that EGFR, cyclin D1 and KRAS is only a part of numerous complex cellular signaling pathways involved in the process of carcinogenesis, and may have different expression stages in these signaling pathways during the initiation and progression of laryngocarcinoma (40, 42) . In the present study, the Kaplan-Meier method was used to calculate the mean survival time and survival rate of patients in each group. The results indicated that there was a significant difference in survival rate between the EGFR, cyclin D1 and KRAS low and high expression groups. The Kaplan-Meier survival curves indicated that the survival rates of patients in the EGFR, cyclin D1 and KRAS high expression groups were significantly lower compared with patients in the low expression groups. Therefore, the expression of EGFR, cyclin D1 and KRAS may be associated with the survival rate of patients with laryngocarcinoma and is one of the factors affecting the survival and prognosis.
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Multivariate analysis of prognosis using the Cox regression model indicated that the clinical stage of laryngocarcinoma and treatment response were closely associated with the prognosis of patients. There were significant differences in survival rates between patients with different TNM stages, which suggested that the clinical stage of laryngocarcinoma and treatment response are independent risk factors for the prognosis of patients, whereas age, smoking, drinking states and expression of EGFR, cyclin D1 and KRAS were the relative risk factors and may influence the prognosis in the presence of other factors.
The major limitation of the current study was that the male/female ratio was 45:1, which is higher than that in previously reported studies, although LSCC is more prevalent among males (43) . This limitation is due to the relatively low case number and recruitment of patients from a single hospital. Future studies should include patients from multiple hospitals.
In conclusion, the current study indicated that the expression levels of EGFR, cyclin D1 and KRAS were closely associated with the clinical stage of patients and may serve roles in the recurrence or metastasis after treatment. Therefore, aberrant expression of these three genes may accelerate the growth and invasion of laryngocarcinoma cells and promote recurrence or metastasis, thus influencing the prognosis of patients. Clinically, patient prognosis may be assessed by detecting the expression of EGFR, cyclin D1 and KRAS genes, especially EGFR, which could serve as a novel marker for LSCC. Surgery combined with radiotherapy and/or chemotherapy, which can be adopted for high-expression and high-stage patients, combined with specific targeted EGFR, cyclin D1 or KRAS gene recombination therapy may reduce the residual tumor size, prevent recurrence or metastasis and improve the prognosis of patients.
